ABSTRACT: To control rain ingress, the Exterior Insulation and Finish Systems (EIFS) can be constructed with one of two design principles & b u l l e t ; a drain screen (rain screen, pressure equalized rain screen-PER) approach & b u l l e t ; a face sealed (barrier) Step 1 of this evaluation is based on the moisture control strategy of the whole wall assembly.
2. Formulate necessary measures for material and field quality control in the design specifications 3. Examine the system for integrity under cycling environmental conditions and long-term performance
Step 1 of this evaluation is based on the moisture control strategy of the whole wall assembly.
Step 2 requires the addition of several small-scale material tests, and
Step 3 involves full-scale system testing. The full scale testing is necessary to incorporate several parameters that act on the system simultaneously (thermal stress, thermal and moisture originated expansion and contraction, structural movements, material changes caused by weathering and aging, presence of moisture, etc.). The interaction among these factors may provide conditions with severity significantly in excess of those achieved when these parameters are tested separately.
This discussion paper consists of three parts:
Part 1: Deals with the assessment of constituent materials of the EIFS with a view to ensuring (characterizing) hygrothermal performance of the system (by testing and characterization of the constituent materials, one may limit the range of variation in the hygrothermal performance of the whole system). Part 2: Postulates a new test for evaluation of EIFS integrity under simulated exposure to climatic cycling. Part 3: Recommends EIFS design solutions and construction details for both new and retrofit construction. These details are discussed in the context of specific environmental/climatic conditions. This will be published in a later issue of JTIBE.
Testing EIFS cladding systems for integrity under simulated exposure to climatic cycling involves preconditioning under simultaneous exposure to a water vapor gradient and temperature gradient followed by exposure to severe conditions of onesided, uni-directional climatic cycling. The testing and characterization of the constituent materials ( Step 1) coupled with the full-scale test for EIFS integrity under exposure to climatic cycling ( Step 2) will increase the reliability of the EIFS systems in North America. Part 3 fills the gap between the current understanding of moisture control principles and construction practices. PB systems rely on adhesives, mechanical fasteners or a combination of both for attachment to the substrate; and rely strictly on the base coat adhesion to the insulation. PM systems rely largely on mechanical fasteners for the attachment to the substrate, and rely exclusively on fasteners for the attachment to the insulation (see Table 1 ).
Traditionally, wall systems with EIFS cladding are considered to be barrier walls which means that the exterior face is expected to provide most of the functional requirements of the wall, and in particular acts as the primary (and often the only barrier) to rain ingress. The exterior face, acting as the rain-barrier includes not only the EIFS cladding, but also fenestration, penetrations, and connections between all the components of the building envelope.
The rain-barrier created by the EIFS lamina and its support must remain impermeable to water during its expected service life. The effects of weathering, aging of materials, cracks in the lamina, effects of interface with connections between fenestration, etc., and EIFS and possible deterioration of the wall substrate must also be included in the evaluation. Therefore, to evaluate performance of the wall system, one must evaluate not only the initial performance but also its long-term performance under service conditions.
Although there are many examples of satisfactory long-term performance 19901, 1991~, 19933, and 19954 [well-publicized manufactured EIFS in Vancouver (1994) (Bomberg and Brown, 1993 Hygrothermal performance of EIFS, though important, is, however, but one aspect of the EIFS evaluation. The evaluation approach developed in France by the CSTB (Fleury, 1995) The thickness of the base coat has a critical effect, but also composition,'3 porosity, and aggregate size affect water transmission. The minimum thickness specified by EIMA'4 for the base coat has recently been increased to 1.6 mm (Piper and Raab, 1995) (Kenney and Piper, 1995) . Portland cement content is lower in Europe (maximum of 20%). The low cement content reduces water penetration, vapor sorption, loss of flexibility as the cement hydrates, and reduces the severity of alkali attack on the glass fiber mesh. As already recommended by Kenney and Piper (1995) , the EIFS installation procedures must be changed to limit the percentage of cement added to the base coat and to require that the base coat be a minimum of 2.5 mm thick. Note that Kenney and Piper (1995) found in the field study that 64% of the buildings, on which the base coat thickness was determined, had thickness less than the manufacturer's standard. Piper and Raab (1995) (Kenney and Piper, 1995) . Kudder and Lies (1995) underlined the role of discretely applied adhesives in the transfer of water along the surface of the insulation. They indicated the &dquo;risk of widespread system failure&dquo; because the moisture penetration is not confined to the vicinity of the moisture entry point. They recommend only full adhesive applications using a notched trowel.
One must differentiate between the moisture coming through the lamina and moisture coming through the joints. Both have a detrimental effect on the substrate and the whole wall system. The first step should be to ensure that moisture coming through the lamina has no negative effect on the EIFS substrate. The second step is to see whether the moisture coming through acceptable flashing designs, along with the moisture coming through the lamina, negatively affect any material contained in the wall. The cold exposure at -20 t 2 °C (at least three hours) ends with a transition period (heating air in the chamber over not more than one hour).
Observe that the integrity test requires faster heating of the chamber than its cooling. This is in agreement with the concepts of failure envelope for elastomeric materials and sealants. Gutowski (1990) observed that sealants or adhesives frequently fail due to the initiation and propagation of flaws (cracks) which are developed either at the interface or in the body of the sealant/adhesive, postulating that &dquo;the use of fracture mechanics to analyse the mechanism of failure and the expected service life of the bonded structure may thus be useful.&dquo; Along these lines, Gutowski (1990) 
